Abstract
INTRODUCTION
Inflammatory bowel disease (IBD) is a gastrointestinal disorder which is chronic and relapsing in nature and exists in two clinical forms ulcerative colitis (UC) and Crohn's disease (CD) [1] . Over the past decade, the incidence and prevalence of IBD are continuously increasing worldwide [2] . The etiology of IBD is not defined yet, but several reports in the past have hypothesized that there is complex interplay of microbial, environmental and genetic factors which predisposes an individual to develop the disease [3] . Various systematic approaches like candidate gene identification or genome wide association studies have been made to identify the genes that get dysregulat ed and affect the downstream signaling pathways and subsequent gene expression during disease condition. Molecular changes in the expression of several genes have been found to be assciated with IBD pathogenesis [4] , and some of these genes play important roles in the major inflammatory pathways.
MicroRNA are a class of small sized (about 1822 nucleotides in length), non coding, single stranded, endogenous mRNA which modulates the expression of their target mRNA by binding to them in their 3'UTR by either carrying out their degradation or inhibiting the translation prcess [58] . However, target sites for miRNA have also been reported in the 5'UTR of many genes [9] . Around 2000 mature miRNA have been reported so far and they are known to modulate the expression of about one third of human genes [10] .
Recent evidences suggest that miRNAs play key role in modulating the expression of target genes involved in the pathogenesis of various diseases. According to a recent estimate almost 60% of genes in a cell are regulated by miRNAs [11] . In the past few years miRNAs have emerged as the new epigenetic regulators in IBD [12, 13] also differential expression of miRNAs have been assciated with several autoimmune diseases and cancer including IBD [14] . These studies have revealed differential profiling of miRNAs in mucosal tissues of UC and CD patients thus indicating their importance as potential biomarkers [15] . Our aim in this study had been to profile the miRNAs exhibiting differential expression in inflamed and non inflamed region of the colon tissue in UC patients. Further we attempted to assess using bioinformatics tools, the functional significance of selected miRNAs involved in the regulation of target genes. Therefore, studying these miRNAs could provide better ways for disease diagnosis and therapeutics by establishing potential biomarkers.
MATERIALS AND METHODS

Patients and tissue samples
The study included 8 UC patients and 8 non IBD controls. Colonic pinch biopsies were collected from the endoscopically inflamed as well as non inflamed regions of UC patients from the Department of Gastro enterology, All India Institute of Medical Sciences, New Delhi, India. The disease activities of the samples were measured on the basis of SCCAI score. Demographic features of study subjects are enlisted in Table 1 . For obtaining inflamed mucosal samples, pinch biopsies were withdrawn from the colonic regions which showed clear symptoms of UC such as loss of vascular pattern, erythema, spontaneous bleeding or ulceration while in case of non inflamed mucosal samples, biopsies were collected from colonic regions of same UC patients with no disease activity. In case of control subjects biopsies were collected from rectosigmoid area. All the controls were age and sex matched with patients. Controls included were individual attending the clinic for routine colonoscopy and were without any inflammatory disorder of intestine and without any IBD symptoms. Mucosal biopsy samples were collected in RNA later solution. Diagnosis of UC was confirmed through endoscopic and histological examination by following ECCO guidelines [16] .
Ethical approval
The study has been ethically approved from the Institute Ethics Committee, All 
RNA isolation and quality check
Total RNA was extracted from the mucosal biopsies using mirVana miRNA isolation kit (Ambion INC, TX, United States) according to manufacturer's protcol and quantified by NanoDrop 2000 Spectrophotometer (Thermo Scientific, Waltham, United States). The 260/280 values were above 1.9. Quality check for RNA was assayed by Agilent Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA, United States).
miRNA microarray profiling
The array included three pairs of inflamed and non inflamed samples from UC patients. Samples were submitted to Affymetrix for miRNA profiling using GeneChip ® miRNA 4.0 Array which is designed to interrogate all mature miRNA sequences in miRBase Release 20. The differentially expressed miRNA were statistically assessed by one way ANOVA paired method. P value of 0.05 was considered significant and fold change of 1.5 was taken as cut off for upregula tion and 1.5 for downregulation of miRNA in a given sample.
Reverse transcription and quantitative real time PCR
Reverse transcription for each miRNA (800 ng) was carried out using gene specific looped primers [17] , using revert aid cDNA synthesis kit (Fermentas St. Leon Rot, Germany). Sequence of primers used for reverse transcription and qRTPCR are enlisted in Table 2 . Differential expression of six selected miRNAs identified by microarray was performed using BioRad CFX96 Real Time System with C1000 Touch Thermal cylcer. (BioRad, Hercules, CA, United States) by SYBR Green method, and the cycles were as follows: initial denaturation 94 ℃ for 2 min, denaturation 94 ℃ for 30 s, annealing 60 ℃ for 1 min for 40 cycles.
The relative expression differences of miRNAs were normalized to internal reference U6 snoRNA and analyzed using 2 ΔΔct method. The statistical analysis was done using unpaired, two way student's ttest and a P value < 0.05 were considered significant.
Target prediction for differentially expressed miRNAs
Target prediction for differentially expressed miRNAs was carried out by miRWalk database (http://www. ma.uniheidelberg.de/apps/zmf/mirwalk/). This database simultaneously searches several other databases [18] . Additionally, TargetScan, miRBD, RNA22, DIANA, Pictar were also selected for target prediction and genes picked at least by three tools were selected for our list of potential targets. Further, involvement of these miRNAs in different biological pathways was investigated using mirPath v.3: DIANA TOOLS.
RESULTS
MiRNA microarray profiling of inflamed colonic mucosa of UC patients
To investigate the disease specific changes in the miRNA 
RT primers were used to sythesize miRNA specific cDNA. For real time PCR miRNA specific forward primer and reverse universal primers were used.
inflamed (P < 0.05) as well as in inflamed vs control (P < 0.01). In contrast to microarray results, the expression of miR200a did not change significantly in the inflamed samples when compared with non inflamed and controls Figure 2 . But interestingly, the expression of miR200a in non inflamed mucosa was significantly lower in the non inflamed vs controls. As seen in microarray miRNA378d was downregulated in the inflamed mucosa of UC patients but in qRTPCR, it showed a significant upregulation in the inflamed mucosa as compared to the non inflamed (P < 0.01) and controls (P < 0.05). Interestingly, miR378d showed less expression in the non inflamed mucosa as compared to the control. The qRTPCR results were further reanalyzed individually for each matched pair and it showed that although inter sample variation was there in each case, the expression of miR155, miR138, miR223, miR 125b was upregulated in most of the inflamed samples as compared to the non inflamed ones Figure 3 and these changes were found to be statistically significant. In contrast to microarray, miR378d showed significant upregulation in the inflamed samples as compared to the non inflamed although inter sample variation was seen in this case also. In case of miR200a, the inter sample variation was quite high, although the changes in expression were not significant it showed upregulation in the expression in four pairs whereas downregulation in the rest four pairs Figure  2 . Therefore, we could not draw a conclusive trend for this miRNA.
Prediction of potential targets by in silico prediction tool
miRNAs (miR155, miR138, miR125b andmiR223) showing significant changes in qRTPCR analysis were examined for their biological relevance by studying their respective potential gene targets and the signaling pathways involved. In silico target prediction analysis revealed several putative targets which play important role in major signaling pathways. Target prediction analysis indicated biological relevance of these dysregulated miRNAs as the genes targeted by these miRNAs are involved in the major inflammatory pathways such as NFκB signaling pathways and MAPK pathway. Potential targets of all four miRNAs have been enlisted in Table 4 . Potential targets of miR125b included TNF receptor assciated factor 6 (TRAF6), TNF alpha induced protein 3 (TNFAIP3), IL6R of NFκB signaling pathway and Signal transducer and activator of transcription (STAT3), JUN, AKT1, IRF6 and IRAK1 of TLR signaling. In addition to this, miR125b also targets SMAD4 and cAMP responsive element binding protein1 (CREB1), SIRT5, DICER1, acetylcholine esterase (ACHE), CDK16, CCR2 and MUC1.Putative targets of miR155 includes signaling molecules of NFκB signaling such as TGF beta activated kinase 2 (TAB2), CARD6, RelA and TRAF3, suppressor of cytokine signaling (SCS1), KRAS, PAK2, BDNF of MAPK profiling, mucosal biopsy tissues from endoscopically inflamed and non inflamed region of UC patients were submitted for microarray analysis. Microarray analysis revealed that miRNAs are differentially expressed in the inflamed colonic region of UC patients as compared to the non inflamed ones Supplementary Figure 1 . We had selected three matched pairs for miRNA microarray profiling, out of which two pairs (Sample NI1, I1 and NI6, I6) exhibited dysregulated expression of several miRNAs in the inflamed mucosa which indicates the disease specific behavior of miRNAs. In the third matched pair (NI5, I5) the changes in miRNA expression were not comparable probably due to the mild disease activity in the patient.
Some of the miRNAs were upregulated with a fold change more than 10 such as miR138, miR708 5p, miR2123p, miR4521, miR17,3p, miR223,3p, miR21. The top 44 differentially expressed miRNAs have been enlisted in Table 3 with their respective fold changes. MiR138 and miR223 were upregulated more than 10 folds in the inflamed tissues and they have also been reported to be dysregulated in UC. miR125b and miR155 were upregulated with a fold change of 2.56 and 2.33 respectively in our study. Additionally, miR200a and miR378d were downregulated with a fold change of 2.14 and 4.06 respectively. We selected these six miRNAs as candidate miRNAs for further analysis because these miRNAs were reported to be dysregulated during autoimmune diseases and in various cancers. Some of these miRNAs were reported to be differentially regulated during UC but whether these miRNAs show any spatial expression within the endoscopically inflamed and non inflamed regions was not known. Also the gene targeted by these miRNAs play role in major inflammatory pathways.
Validation of differentially expressed miRNA by qRT-PCR
The differential expression of six candidate miRNAs (miR155, miR138, miR125b, miR223, miR378d and miR200a) was validated by performing qRT PCR in matched pair samples from UC patients (n = 8) and non IBD controls (n = 8). The expression of miR155, miR138, miR125b and miR223 was found to be significantly upregulated in inflamed colonic mucosa of UC patients as compared to non inflamed mucosa and controls Figure 1 . We found that miR223 was significantly upregulated in the inflamed vs non inflamed tissues (P < 0.05) and in inflamed vs control (P < 0.001). Its expression was also significantly higher in the non inflamed vs controls (P < 0.01) as well. Similarly, miR125b, was significantly higher in inflamed vs non inflamed (P < 0.01) as seen in microarray and inflamed vs controls (P < 0.001). In accordance with microarray, miR138 exhibited increased expression in inflamed vs non inflamed and also in inflamed vs controls (P < 0.05) and mir155 was also upregulated in inflamed vs non signaling, CTLA4, IL6R, nuclear factor of activated T cells 5 (NFAT5), IL17RB, Myd88, IKBKE, CTLA4, CLCN3 and APC.
Similarly, miR138 targets genes such as CXCL8, RELA of NFκB signaling pathway and other genes like CASP3, HDAC4, SIRT1, MAST4, SMAD4, MyD88 and CDK6. miR223 targets STAT1, RELA and TAB3 of NF κB signaling. The putative targets of miR378d include TRAF3, SCS2 and MAPK1. Putative target genes of miR200a involved in inflammatory pathways were 
DISCUSSION
In the past few years, miRNAs have been reported to be dysregulated during UC, there are several studies which claimed that miRNA profile in the blood [19, 20] . MiRNA were also reported to play critical role in mediating cross talk between CD, UC and CRC [21] . Our microarray analysis included three matched pairs from the endoscopically inflamed and non inflamed regions of UC patients. One of the pair didn't show much changes in the miRNA transcriptome of inflamed region when compared with the non inflamed one (NI5 and I5), which is more certainly due to the mild activity of disease in the patient. Other two pairs showed significant changes in the miRNA profile in the inflamed regions as compared to the non inflamed ones. We found that miR223 and miR138 were upregulated with a fold change of more than 10 folds in the inflamed mucosa and these miRNAs are also reported earlier to be dysregulated during UC [2224] however the spatial expression of these miRNAs in the endoscopically inflamed and non inflamed regions are reported here for the first time. miR125b and miR155 mediates cross talk between UC and CRC [21] as reported earlier and also modulates the expression of genes playing role in inflammatory pathways [25] . miR200a is earlier reported to get downregulated in UC [22] . Keeping the role of these miRNAs in mind we selected these six as our candidate miRNAs for further analysis, so that we can elucidate the disease specific behavior of these miRNA and correlate their expression with disease activity. qRTPCR analysis revealed that miR223 was upregulated in inflamed tissues of UC patients, also this was the only miRNA in our study, which showed significantly higher expression in both the inflamed as well as non inflamed tissues of UC patients as compared to controls. Therefore, this miRNA could be established as a potential biomarker to differentiate between UC and controls as its expression does not depend upon disease activity. Moreover, previous studies have shown miR223 plays a role in gastric cancer and also known to target the tumor suppressor gene EPB41L3 [26, 27] . Wang et al [28] showed that miR223 targets claudin8 (CLDN8) which is a tight junction protein and maintains the intestinal barrier. miR223 targets CLDN8 thereby mediating cross talk between IL23 pathway during IBD. In accordance with the microarray studies, miR155 expression was also significantly higher in the inflamed vs non inflamed as well as inflamed vs controls. Its upregulation is also reported in breast cancer where it acts as an OncomiR by targeting suppressor of cytokine signaling 1 (SCS1) [29, 30] . In addition to this Kong et al [31] claimed that miR155 modulated the expression of tumor suppressor gene von HippelLindau (VHL) and promotes tumor invasion, proliferation, angiogenesis and recruitment of proinflamatory cells in breast cancer. Expression of miR125b was also found significantly higher in the inflamed mucosa as compared to non inflamed and controls. Since miRNAs (miR125b and miR155) are responsible for mediating cross talk between UC and CRC [21] , therefore, studying these miRNAs in detail could provide new insights in disease diagnosis and therapeutics.
In the present study, miR138 was also highly expressed in the inflamed mucosa of UC patient. Elevated level of miR138 expression reported here has not been shown earlier from mucosal tissue of UC patients but only from peripheral blood samples [32] . Some of the previous reports suggest tumor sup pressive role of miR138 in nasopharyngeal cancers by targeting oncogene CCDN1 and controlling tumor proliferation [33] and also downregulation of miR138 was reported by Liu et al [34] in head and neck squamous cell carcinomas where it played role in promoting apoptosis and suppressing tumor invasion. Role of this microRNA, regulating the target gene of inflammatory pathway during UC is yet to be validated. In contrast with the microarray results, qRTPCR analysis did not show significant changes in expression of miR200a in the inflamed mucosa vs non inflamed mucosa of UC patients. Interestingly, miR378d showed a significant upregulation in the inflamed mucosa as compared to the non inflamed and controls in paired samples, while our microarray data a reverse trend in the inflamed mucosa. We also investigated the expression of miR200a and miR378d in UC (n = 30) vs controls (n = 20) by qRTPCR, where we again observed significant downregulation in miR200a and significant upregulation in miR378d (data not shown).
The next approach in our study was to find out the putative targets of candidate miRNAs using in silico target prediction tools. The potential targets of our candidate miRNAs included signaling molecules of inflammatory pathways such as MAPK signaling, NFκB signaling and cytokine signaling pathways, which are known to be directly assciated with pathogenesis of IBD [35] . In conclusion, our study elucidated the spatial re lationship of miR125b, miR155, miR138 and miR223 in the endoscopically involved and non involved pockets of UC patients. miR223 showed differential expression independent of disease activity therefore, could be a potential target as biomarker for UC.
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COMMENTS
Background
MicroRNA (miRNAs) are endogenous, single stranded, short length (18-22 nucleotides), non coding RNA which modulates the expression of their target mRNA by binding to them in the 3'UTR and causing RNA degradation or translational repression. The differential expression of miRNA has been reported in different diseases including psoriasis, multiple sclerosis, and inflammatory bowel disease.
Research frontiers
Expression profile of different miRNA was investigated in the colonic mucosal samples of endoscopically inflamed and non inflamed regions of the same ulcerative colitis (UC) patient to get an insight in to the status of these miRNA in the inflamed and non inflamed pockets of UC patients. Microarray and qRT-PCR showed a spatial distribution in expression of miR-125b, miR-223, miR-155 and miR-138 in the inflamed colonic samples. Putative targets of these miRNAs included the genes involved in the major inflammatory pathways such as NF-κB pathway and MAPK signaling which showed that these miRNA might be one of the contributing factors in disease pathogenesis.
Innovations and breakthroughs
In order to get an insight into the pathogenesis of UC, the authors explored spatial distribution in expression of microRNA in the inflamed and non-inflamed region of mucosal tissue of patients. Profiling of differentially expressed miRNA was generated by microarray from three paired samples. Few significantly dysregulated miRNA were validated using qRT-PCR. The present study reports disease specific alteration in the expression of miR-125b, miR-155, miR-223 and miR-138 in UC patients and also analyzed their biological significance using in silico tools. miR-223 exhibited elevated expression independent of disease activity therefore, could be a potential candidate as biomarker for UC.
Applications
miR-223 altered expression during UC, irrespective of inflammation, therefore it could be developed as a biomarker for UC. Expression of this miRNA in colonic biopsy of UC patient could indicate toward disease status.
Terminology
SCCAI (Simple Clinical Colitis Activity Index) score is a symptoms based diagnostic tool and questionnaire to estimate the Ulcerative colitis disease severity. It takes into account parameters such as general well-being, bowel frequency, urgency, abdominal pain, rectal bleeding and extra intestinal features.
Peer-review
The authors reported miRNA exhibit altered expression in the inflamed colonic mucosa of UC patients. The article is informative and well-presented.
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